besity is a serious medical condition and a welldocumented threat to health and longevity due O primarily to the association of obesity with hypertension, type 2 diabetes mellitus, coronary heart disease, stroke, gallbladder disease, osteoarthritis, sleep apnea, respiratory problems, and some varieties of cancer. 1, 2 In patients with schizophrenia, treatment with many antipsychotic agents is associated with weight gain, and weight gain is a common cause of noncompliance with antipsychotic treatment, often resulting in relapses of the illness. 3 The atypical antipsychotics have been found to reduce the risk of extrapyramidal symptoms (EPS) and tardive dyskinesia (TD); however, concerns regarding weight gain have increased in the treatment of schizophrenia. Although all atypical antipsychotics are associated with some degree of weight gain, the 2 agents associated with the highest weight gain are clozapine and olanzapine. [4] [5] [6] According to the report of Allison et al., 4 these agents are estimated to produce between 4 and 4.5 kg of weight gain at 10 weeks of treatment with a standard dose. In a crosssectional study investigating the treatment-emergent adverse effects of antipsychotics in the clinical setting, Bobes et al. 7 reported that patients receiving olanzapine exhibited significantly greater weight gain than those treated with risperidone or haloperidol. Ziprasidone, however, proved to induce no weight gain, or only minimal weight gain, in patients who were studied for up to 1 year. 8 The treatment of antipsychotic-associated weight gain has included 1 of 2 approaches: behavioral management and pharmacologic management. Few current data are available with regard to pharmacologic management. Some case studies have reported the exacerbation of psychotic symptoms caused by the use of antiobesity agents. 9, 10 Although likelihood of psychosis exacerbation was lowered by the use of peripherally acting agents indicated for weight loss, careful clinical trials of antiobesity agents are warranted in patients with schizophrenia. However, Faulkner et al. 11 suggested that the widespread use of pharmacologic intervention might be inadvisable and that both dietary and exercise counseling, as a behavioral modification program, would be necessary for sustained weight control in cases of schizophrenia. According to the guidelines of the U.S. National Heart, Lung, and Blood Institute, 12 treatment strategies for overweight and obesity include modifications in diet, behavior, and physical activity. Combined treatment, incorporating all 3 approaches, has proven to be the most successful scheme.
Thus far, no weight management programs specifically established for patients with schizophrenia have been reported. Furthermore, most studies on the efficacy of strategies for the reduction of weight gain during treatment with antipsychotics have been limited to descriptive clinical trials, with the consistent shortcomings of small subject numbers and the absence of a control group. The main aim of this study was to evaluate the efficacy of a weight management program designed for outpatients taking olanzapine for the treatment of schizophrenia or schizoaffective disorder and to compare those patients with a randomized control group. We also assessed the effects of this weight management program on safety and quality of life (QOL).
METHOD Subjects
Forty-eight outpatients with schizophrenia or schizoaffective disorder, diagnosed using DSM-IV criteria, participated in a 12-week, randomized, multicenter weight management study. This study was carried out at 4 clinical centers from January 7, 2003, to September 16, 2003 . Written informed consent was obtained from all subjects prior to enrollment, and institutional review board approval was obtained for this study.
Included in this study were men and women between 19 and 64 years of age. These patients had no history of acute manic, hypomanic, or psychotic states within 4 weeks prior to the beginning of this study. All study subjects had been taking olanzapine (5-20 mg/day) for at least 12 weeks before the study began and had experienced weight gains of more than 7% of body weight while receiving olanzapine prior to entering the study.
Exclusion criteria were as follows: pregnant or breastfeeding, Positive and Negative Syndrome Scale (PANSS) score > 70, severe medical disease, hyperthyroidism or hypothyroidism, any history of seizure disorder, diagnosis of DSM-IV substance dependence within 2 months prior to this study, and alanine transaminase (ALT)/aspartate transaminase (AST) levels greater than 200% of the upper normal limit.
To determine a sample size, a sample size analysis was used, and the number of study subjects to be enrolled was 87. Fifty-five patients were recruited, and, after screening evaluation, 48 patients were enrolled. With regard to the allocation of patients to either the intervention or the control group, a ratio of 2 to 1 was determined. We used the allocation ratio of 2 to 1 from an ethical point of view, as the intervention group was expected to be more beneficial to the patients than the control group. Thirty-three patients were randomly allocated to the intervention group, in which the patients took olanzapine with a weight management program, and 15 patients were allocated to the control group, in which they were given olanzapine treatment as usual outpatients. Of these patients, 36 (22 in the intervention group, 14 in the control group) completed the study.
The demographic and clinical characteristics of the 48 subjects enrolled in this study are shown in Table 1 . Patients in the control group had significantly higher systolic blood pressure at baseline. There were no significant differences in other variables between the 2 groups. The difference in the distribution of diagnoses between the 2 groups was not significant (p = .290).
Outcome Measures
The efficacy of the weight management program was assessed by measurements of weight and body mass index (BMI). In addition, measurements for the safety of olanzapine and the weight management program were as follows: PANSS, Abnormal Involuntary Movement Scale (AIMS), vital signs (blood pressure, pulse rate), laboratory data including hematology (hemoglobin, hematocrit, erythrocyte count, mean cell volume, leukocyte, platelet count), clinical chemistry (sodium, potassium, total bilirubin, alkaline phosphatase, gamma-glutamyl transferase, AST, ALT, blood urea nitrogen, creatinine, uric acid, glucose, total protein, albumin), lipid profile (cholesterol, low-density lipoprotein [LDL] , high-density lipoprotein [HDL], triglyceride), and urinalysis (pH, albumin, glucose, ketones, bilirubin, blood, urobilinogen, white blood cells). We assessed subjects according to the World Health Organization-Quality of Life-Brief version (WHO-QOL-BREF) for health outcomes. 13 The WHO-QOL-BREF, designed to assess quality of life in health and health care, contains 26 items and is scored over 4 major domains: physical health, psychological well-being, social relationships, and environment. Domain scores are scaled in a positive direction, higher scores signifying higher quality of life, with the highest possible score being 100. This study also measured the participants' compliance with the exercise and diet program, as well as with the drug treatment.
Study Design
The main components of this study were diet and exercise management, which were based on cognitive and behavioral therapy. Measurements of safety, QOL, and compliance with olanzapine treatment and the weight management program comprised the remainder of the study ( Table 2 ). The weight management program was carried out in an individual format.
Diet management included the keeping of a food diary and nutritional education. A dietician discussed the food diaries with the patients and helped with diet planning at every visit. In addition, subjects were educated about important nutritional concepts, including the food exchange table, using food models, the importance of regular eating behavior, healthy snacking, low-calorie cooking preparation, food shopping, and reading food labels.
Exercise management included the keeping of an exercise diary and education regarding daily lifestyle modifications for weight control. Subjects were urged to keep an exercise diary. An exercise coordinator discussed the exercise diaries with the patients, evaluated their exercise protocols, and helped patients with exercise planning at every visit. The education regarding daily lifestyle modification in the exercise management program included checking waist/hip ratio, explanations of calorie consumption in daily activities, correct aerobic/anaerobic exercise, choosing exercise suitable for the patient, correcting common misconceptions about diet, the "yo-yo phenomenon," and using the community health center.
After a screening evaluation, including a psychiatric evaluation, physical examination, and screening laboratory tests, the participants who fulfilled the inclusion/ exclusion criteria were randomly allocated to either the intervention group or the control group. The treatment period was 12 weeks, and all participants continued to take olanzapine (5-20 mg/day). Intervention group patients were also involved in the weight management program, including both diet and exercise management, and during the first 4 weeks of the study, patients visited the clinical center once a week. After the first 4 weeks, patients visited the clinic every other week. Control group patients received the routine care with verbal recommendations as to their physical activity and eating behavior. They visited the clinical center once a month for 12 weeks.
At visit 1, the patients received a physical examination and had their blood pressure, pulse rate, weight, BMI, eating inventory, AIMS, and WHO-QOL-BREF checked. The patients in the intervention group participated in the weight management program that consisted of education about keeping food and exercise diaries, eating behavior improvement, and lifestyle modification for weight control. The patients in the control group received only food and exercise diaries. At 4 and 8 weeks, assessment of the patients was performed, including physical examination, blood pressure, pulse rate, weight, BMI, AIMS, and compliance with olanzapine and the weight management program.
At 12 weeks, an evaluation including physical examination, blood pressure, pulse rate, weight, BMI, endpoint laboratory tests, PANSS, eating inventory, AIMS, WHO-QOL-BREF, adverse events, combination drug use, and compliance with olanzapine and the weight management program was performed.
Statistical Analysis
Data regarding weight changes from baseline to endpoint were analyzed for both the intervention and control groups using paired t tests. Differences in weight changes between the 2 groups were analyzed using a t test. In addition, for adjustment of the effects of clinical center, sex, and age, an analysis of covariance (ANCOVA) was carried out, using clinical center, sex, and age as covariates.
In order to compare the demographic data and adverse events between the 2 groups, t test, Fisher exact test, and Wilcoxon rank sum test were carried out. In addition, differences in the changes of laboratory results, blood pressure, pulse rate, and AIMS, PANSS, and WHO-QOL-BREF scores were analyzed from baseline to endpoint between the intervention and the control groups using t tests. The ratio of LDL to HDL in the laboratory results was calculated.
Compliance with each drug, diet management, and exercise management was also analyzed. Compliance was recorded for each visit and reported as mean percentages as follows-compliance with drug: the ratio of the frequency of actually administered drug to the frequency of prescribed drug; compliance with diet: the ratio of the actual caloric intake (kcal) to the prescribed calorie (kcal); and compliance with exercise: the ratio of the actual exercise amounts (kcal) to the prescribed exercise amounts (kcal).
In cases in which complete data regarding weight during 12 weeks were unavailable, last-observation-carriedforward method was used, with the expectation of the analysis of the weight management program effect on weight change. All analyses were 2-tailed, and the significance level was set at α = .05.
RESULTS

Weight and BMI Changes
Of the 48 patients enrolled, the data on 5 subjects were incomplete with regard to body weight. Therefore, 43 patients with complete weight change data during the treatment period were included in the analysis of the weight management program effect on weight change (Table 3 ). Significant differences in weight and BMI change from baseline to endpoint were seen between the intervention group and the control group. Patients in the weight management program exhibited a mean weight reduction of -3.94 ± 3.63 kg compared with -1.48 ± 1.88 kg in the control group (p = .006). In addition, BMI reduction in patients in the weight management program was -1.50 ± 1.34 compared with -0.59 ± 0.73 in the control group (p = .007). In completed cases in which 36 patients (N = 22 in the intervention group and N = 14 in the control group) were included, on the other hand, significant differences in weight and BMI change from baseline to endpoint were also found between the intervention group and the control group (weight change: -5.05 ± 3.50 vs. -1.48 ± 1.88, p < .001; BMI change: -1.92 ± 1.28 vs. -0.59 ± 0.73, p < .001).
In order to examine weight changes at each visit, we applied repeated-measures ANOVA tests to both groups. No significant difference in weight change was detected from baseline to week 4 between the 2 groups. At week 8, significant differences in weight reduction began to appear. With regard to BMI, we found a trend toward differences in BMI reduction between the 2 groups at week 8. At week 12, significant differences in BMI reduction appeared (Table 3 and Figure 1 ). After adjusting for the effects of sex, age, and clinical site using ANCOVA with sex, age, and clinical site as covariates, significant differences in weight and BMI reduction between the 2 groups were clearly shown (control group: p = .027 vs. weight management group: p = .032).
Measurements for Safety
With respect to the safety results, 48 subjects who enrolled in the study were evaluated in total. For PANSS, AIMS, and vital signs, 39 subjects (intervention group: N = 25 and control group: N = 14) were available, and 38 subjects (intervention group: N = 24 and control group: N = 14) were available for laboratory data analysis. With respect to psychiatric symptoms (PANSS, AIMS) and adverse events identified as treatment-emergent adverse events, no significant differences were found between the 2 groups at baseline and after treatment. In addition, changes from baseline to endpoint in systolic and diastolic blood pressure and pulse rate in the intervention and the control groups were -1.12 versus 1.36, 4.52 versus 4.00, and -1.80 versus -0.79, respectively. These differences between the 2 groups, however, were not statistically significant. There were no significant differences in any laboratory data between the 2 groups, either before or after treatment. The ratio of LDL to HDL in lipid profile was decreased by 0.19 from 2.91 to 2.72 in the intervention group and by 0.04 from 3.29 to 3.25 in the control group. The ratio was decreased in 17 (70.8%) of 24 patients in the intervention group and 7 (50.0%) of 14 patients in the control group. The number of subjects with decreasing ratio in the intervention group was larger than that in the control group, but the difference was not statistically significant in either the proportions (p = .199) or the change of ratio from baseline (p = .556).
Measurements of Health Outcomes
The total number of patients available for the final health outcomes evaluation with the WHO-QOL-BREF was 39 (N = 25 in the intervention group, N = 14 in the control group). There was a trend toward statistical difference in the physical health score changes between the weight management group and control group (1.12 in the intervention group vs. -0.93 in the control group, p = .067). However, for psychological well-being, social relationship, and environmental domain, the scores did not show a statistically significant difference between the intervention group and control group.
Compliance
Thirty-six patients (N = 22 in the intervention group, N = 14 in the control group) completed this study, although 48 patients (N = 33 in the intervention group, N = 15 in the control group) were initially enrolled. With regard to compliance with olanzapine treatment, 21 (63.6%) of 33 patients in the intervention group and 14 (93.3%) of 15 patients in the control group scored over 80% compliant. Of the 33 patients in the weight management program, all 22 subjects who completed the study were over 80% compliant with diet management, and 12 patients (36.4%) were over 80% compliant with exercise management.
DISCUSSION
This was a prospective study on the efficacy of a weight management program in patients with schizophrenia or schizoaffective disorder taking olanzapine compared with a randomized control group. In this study, patients treated with olanzapine undergoing a 12-week weight management program exhibited significant reductions in weight and BMI compared with patients receiving usual outpatient treatment. In addition, with regard to the safety of olanzapine treatment and the weight management program, no significant differences in PANSS, AIMS, blood pressure, pulse rate, and laboratory data between the intervention group and the control group were observed after treatment.
Although there is no consensus regarding the time course of weight gain during antipsychotic drug treatment, the literature generally indicates that the majority of weight gain occurs during the first 3 months. 14, 15 Moreover, Kinon et al. 16 reported that the rate of weight gain in patients with schizophrenia was most rapid during the first 12 weeks of olanzapine treatment, suggesting the importance of early intervention for weight gain in patients undergoing olanzapine treatment. In our present results, patients undergoing a 12-week weight management program incorporating diet and exercise management benefited, experiencing weight reduction of -3.94 ± 3.63 kg. This result suggests that early active intervention may prevent weight gain in patients with schizophrenia who undergo olanzapine treatment.
When a weight management program is applied to patients with schizophrenia, some specific issues must be addressed. Schizophrenic patients may exhibit deficits in attention, motivation, and memory, thereby affecting their ability to benefit from a weight management program. 17 However, some reports have indicated relatively high efficacy with regard to weight control in patients with a From the last-observation-carried-forward data sheet. The betweengroups test indicated that the difference in weight between groups was significant (p = .028); consequently, the lines for the 2 groups in the graph are rather far apart. The interaction of time and group was significant (p = .035), which means that the groups were changing over time but were changing in different ways; consequently, the lines in the graph are not parallel. *p < .05. schizophrenia. [18] [19] [20] Ball et al. 18 evaluated the effectiveness of a Weight Watchers program in patients with schizophrenia who had experienced weight gain during treatment with olanzapine. Although no statistically significant differences in weight change were found between 11 patients and a comparison group, 7 men experienced significant weight loss, suggesting that weight loss strategies may be at least partially successful among such patients. Menza et al. 20 reported on the feasibility and efficacy of a multimodal weight control program for overweight and obese mentally ill adults who gained weight during treatment with atypical antipsychotic medication. According to Menza et al., 20 patients with schizophrenia or schizoaffective disorder were willing to attend and benefited from a weight control program focusing on nutrition, exercise, and motivation and exhibited reductions in weight and BMI.
Quality of life has recently become an issue of growing interest. The focus of treatment has moved away from the mere attenuation of symptoms and grown to encompass the improvement of subjective and objective aspects related to QOL. Recent research has shown that atypical antipsychotics improved QOL in patients with schizophrenia. [21] [22] [23] According to Ritchie et al., 24 olanzapine treatment, specifically, was associated with a better response as opposed to risperidone on the psychological domain of the WHO-QOL-BREF when switching from conventional antipsychotics to olanzapine or risperidone in elderly patients with schizophrenia. In the present study, patients with schizophrenia who received olanzapine with a weight management program showed increased physical health scores, whereas scores decreased in patients who were without a weight management program. Thus, the weight management program seemed to be effective in physical well-being.
With regard to the present results, it is necessary to note the dropout rate of the patients in the weight management program. Of 48 patients enrolled, 36 patients completed this study. While only 1 patient in the control group dropped out, 11 patients dropped out of the weight management program. One patient in the intervention group was dropped from the study due to an inability to contact the patient at week 1, and 10 patients in the intervention group and 1 in the control group dropped out due to their decision to withdraw consent. Specifically, 3 patients in the intervention group and 1 in the control group had problems related to their work, and 7 patients in the intervention group did not want to keep up the weight management program (9 dropped out before week 4 and 2 at week 8). This may come from the difficulty in maintaining adherence to the weight management program for some patients. We looked into the compliance rates associated with each program. As mentioned above, of the 33 patients enrolled in the weight management program, 22 patients were over 80% compliant with the diet management protocols, but only 12 patients (36.4%) were over 80% compliant with the exercise management protocols. These results indicate that patients experienced more difficulty in exercise management than in diet management. Therefore, it is necessary to adjust the exercise management program to increase the compliance of patients with schizophrenia.
In this study, patients in the control group undergoing usual outpatient treatment also exhibited weight reduction at the completion of the 12-week treatment period. When comparing the ratio of patients exhibiting weight reduction between the 2 groups, no difference was found. That is to say, 25 (86.2%) of 29 patients in the intervention group and 12 (85.7%) of 14 patients in the control group exhibited weight reduction. However, 7 (28.0%) of 25 patients in the intervention group lost more than 10% of their pretreatment body weight, while no patients in the control group did. As this study was a weight control clinical trial and all subjects enrolled in this study knew they were participating in a weight control study, it is likely that the patients allocated to the control group were also hoping to lose weight. Therefore, they may have made efforts to reduce their weight in everyday life aided by the counseling received during the study visits, the so-called "Hawthorne Effect," which states that by merely participating in a study, the participants have a better experience because the focus of interest on them is gratifying and thus rewarding in its own right.
There are some limitations of this study. One is that the sample size was small; thus, more patients should be studied to determine if the results of this study apply to most patients taking antipsychotics. Another limitation of this study involves the duration of treatment. This weight management program was designed for outpatients taking olanzapine for 12 weeks' duration. In a 52-week, multimodal weight control program, Menza et al. 20 reported that the preponderance of weight change in patients on a weight control program who had gained weight while taking atypical antipsychotics occurred over the first 3 months and, thereafter, the reduced weight was maintained. Further study may be necessary to determine the long-term effects of the current weight management program.
CONCLUSIONS
This study suggests that a weight management program may be effective and safe for weight reduction in patients with schizophrenia or schizoaffective disorder during olanzapine treatment. In addition, a weight management program may improve the QOL of patients with schizophrenia, specifically with respect to physical well-being. Clinicians should be aware of the possibility of weight gain when prescribing antipsychotic agents and that early active intervention for weight control may also provide patients with enhanced QOL.
